In this research, the technical feasibility of zeolite for Cr removal from contaminated wastewater was investigated using batch studies. Chemical treatment of zeolite with NaCl was also conducted to improve its adsorption capacity on Cr. The removal performances of all types of zeolite were evaluated and statistically compared. It was evident that the chemically treated zeolite showed significantly better Cr removal capabilities (3.23 mg/g) than as-received zeolite (1.79 mg/g) at 20 mg/l of Cr concentration. It was also found that the adsorption capacities of NaCI-treated zeolite at 5 and 10 mg/l of Cr concentrations were found to be 7.37 and 6.66 mg/g, respectively.
Introduction
The generation of Cr-contaminated wastewater is one of the critical problem arising from the local electroplating industries in Thailand. Chromium is present in the electroplating wastewater as Cr(VI). Due to its high solubility, Cr(VI) is highly toxic to living organisms and can cause various disorders, such as nausea and hemorrhaging. [1] Various treatment techniques can be employed for treating Cr(VI)-contaminated water, including chemical precipitation, ion exchange, and reverse osmosis. But, these methods are unattractive due to their high cost. Adsorption using commercial activated carbon (CAC) can remove metals from elec roplating wastewater. It may be possible to meet the stringent standard of Cr effluent discharges (<0.25 mg/l) in Thailand using the adsorption treatment method. However, CAC remains an expensive material for metal removal. To replace CAC, various low cost adsorbents have been investigated to achieve the economically feasible and effective treatment of Crcontaminated water. It has been reported that chitosan can bind chromium. [2] Due to the presence of its negatively charged lattice, which are exchangeable with certain metals, recently zeolite has been developed for metal removal. Treatment using zeolite for Cr-contaminated wastewater appears to be economically appealing as its current price (US$ 0.69/kg) is one-tenth of the price of CAC (US$ 6.78/kg). [3] In this study, zeolite is treated with NaCI. Using synthetic wastewater with varying Cr concentration (5 to 25 mg/l), the Cr removal performances of as-received and NaCl-treated zeolite are statistically compared. Both Langmuir and Freundlich isothemis were used to understand the adsorption mechanism of Cr removal by zeolite.
Experimental

Materials
Commercial grade zeolite with surface area 780 m2/g was used in this study. Potassium dichromate was used as the source of Cr(VI) in synthetic wastewater. The Cr stock solution (500 mg/l) was prepared by dissolving 0.7071 g of K2Cr2O7 in 500 ml of deionized water, while Cr concentrations were varied from 5 to 20 mg/l. The pH of Cr solution was measured using pH meter model pH PRO. Adjustment of pH was carried out using 0. 3 Results and discussion
Effect of chemical treatment on zeolite
Zeolite contains a complement of exchangeable Na+, K+, Mg2+, and Ca2+, with selectivity of metals as follows: K+>Mg2+>Ca2+ >Na+ To prepare the zeolite in the homoionic form of Na+, zeolite was conditioned with NaCl, the most effective exchangeable ion for metal removal. It was reported that after treatment with NaCl, K+ and Ca2+were strongly held by the zeolite in preference to Na+ and that Mg2+ was not exchangeable. Therefore, the contents of K+, Ca2+, Mg2+ in zeolite were ignored. [6] 3. In this study, the removal efficiency of zeolite on Cr was found to be strongly dependent on pH. In general, the adsorption curves are characterized by a gradual increase of removal efficiency up to pH 4.5 and then, a significant reduction occurs beyond (290) pH 6.5. It is indicated that adsorption by zeolite could not effectively occur at the pH greater than 7.00 as the removal efficiency of Cr significantly decreased from 73 to 27% and from 57 to 10% for treated-zeolite and as-received zeolite, respectively.
Effect of agitation speed
Effect of agitation speed was investigated by varying the speed from 90 to 190 rpm. The adsorption efficiency of treatedzeolite and as-received zeolite slightly increased from 69 to 76% and from 50 to 58%, respectively, with an increase in shaking speed from 90 to 150 rpm, indicating that the Cr removal efficiency of zeolite was not much affected by shaking speed (p>0.05; ANOVA).
A shaking speed of 150 rpm, giving the maximum removal efficiency of Cr, was selected as the optimum speed for both types of zeolite and used for the remaining study. An optimum shaking speed is essentially required to maximize the interactions between Cr3+ and the adsorption sites of zeolite during equilibrium.
Effect of contact time
To find the effect of contact time on the removal efficiency of zeolite, a series of experiments with different contact time varying from 30 to 270 min, were carried out with a initial Cr concentration of 20 mg/l. This study was conducted at optimum conditions of dose, pH, and shaking speed, where maximum Cr adsorption occureed.
It was found that the equilibrium between Cr and adsorbent was attained within 210 min, where treated zeolite had a relatively higher Cr removal efficiency (82%) than as-received zeolite (66%). No significant increase of adsorption efficiency occurred after 210 min of contact time (p>0.05; paired t -test).
Adsorption isotherm a. Langmuir isotherm
The nature of Cr adsorption on zeolite, represented by a linearized Langmuir isothemi, is shown in Fig. 2 . The Langmuir constants, determined tram the intercept and slope of the plot of 1 /Qe and 1 /Ce, are listed in Table 1 . The above figure demonstrates that treated zeolite has a better fitting model of Langmuir isotherm than as-received zeolite under the concentration range studied, indicating that Langmuir isotherm is more applicable for treated zeolite than asreceived zeolite. The values ofRL in Langmuir isotherm indicated that favorable adsorption ((1<RL<1) of Cr took place on the zsolite uptake surface (Table 1) . The results of Cr uptake by zeolite are also plotted for the Freundlich isotherm. As demonstrated in Fig. 3 , the plot of log Qe and log Ce has a higher regression coefficient for NaCl-treated zeolite than that of as-received zeolite; thus, indicating that the Freundlich isotherm is also applicable for treated zeolite. The constant values (n) of the Freundlich isotherm lie between 3 and 7 suggests that adsorption of Cr on zeolite was favorable ( Table 2) . Between the two isotherms, Langmuir was found to be more representative for zeolite than Freundlich. This can be attributed to the fact that zeolite has a smaller surface area for Cr adsorption. Consequently, only monolayer adsorption occured on its surface, regardless of any chemical pretieatment. 
